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(54) Time-slot partitioning in a TDMA system 

(57) According to the present invention there is pro- 
vided a method ol transmitting user data in a TDMA sys- 
tem in which the number of channels is increased by 
partitioning at least one time-slot in a TDMA frame into 
at (east two sub-time-slots. Each sub time-slot may be 
allocated to a different user. User data may be transmit- 



ted in each time slot in a burst structure, user data being 
transmitted in each sub time-slot in a corresponding 
burst structure. User data may be transmitted in each 
time slot in a burst structure having n bits and wherein 
each time slot is partitioned into m sub time slots, user 
data being transmitted in each sub time-slot in a corre- 
sponding burst structure having n/m bits. 
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Description 
Field of the invention 

[0001] The present invention relates to TDMA systems, and particularly but not exclusively to an EDGE system for 
the transmission of voice generated by a GSM speech encoder. 

Background to the Invention 

[0002] Time division multiple access (TDMA) systems, such as GSM, have a plurality of time slots in a given time 
use m by a 0 p ^i C "ar e use? SM ^ time '' rame **" ^ ^ Conven ^lly,each time slot is^eseTedTor 

^A^i^^t^T^^ 0 " 16 V ° iCe SUCh 88 GSM (GI ° bal SyS,em ,0r Mobile Communication), 
SI , S ( 9 ' tal Advanced Moblle Systems) have expanded very rapidly in recent years 

J ,' n ad ? 11 ™ ' 9 reat demand for dala se ™™ *™ been created by mobile users due to wide spread acceptance 

MobHe llZm 6ne c al P3Cket Radi ° S6rViCe) ' EDGE (6nhanCed da,a ra,e tor GSM >. a " d UMTS (Universal 

r™« Te ' ec h omm 7 ca,,ons Se ™<^> ™ a » being developed to accommodate data users in wireless networks 
O005] Schemes for the transmission of voice over fixed packet switch networks have also been developed in recent 
20 ^ J -r^ inc u reasin 9 amount of voice ,raff ic will be carried over packet switched networks in the future 

ESSL I. 6 rale '° r GSM eVO ' Uli0n (EDGE) ,S 3 pr ° posal for ,he evolu,ion °» ex 'sting lime division 

cao^^ZJlT \ ^ """I" SyStemS " ° rder l ° SUPPOf1 hi9hSr ,ransm ission da,a rates a " d — se the 
IZl V h 1 ne1 _ works The application of EDGE is restricted not only to GSM cellular networks but also has been 

da^l, r T ° f ,S " 136 SyS,6mS ^ UWCC (UniVefSal Wire,6SS communications Consortium). Enhanced 
data rates are achieved by introducing higher level modulation formats, such as S-PSK (phase shift keying) With the 

ir s ^rdGS^ 

n«°vL E h DG L E in !! ia " y d6Veloped in order to P rovide data service at higher rates than GSM or GPRS, by making 
use of mum-phase modulation (such as 8-PSK) instead of binary GMSK. However the structure of the proposed RLC/ 
30 i£ transmission do not allow for the efficient use of the available radio resources for voice transmis- 

fe^fof vdce qu m a°!y.' ^ '° ^ ^ " ^ ^ * reqUired in ° rder ,0 main,ain certain 

'fcl " * an ***** ° f th , e present inven,ion to P rovid * an efficient transmission scheme for interleaving data from 
ss network 3 ^ ffame ' ^ iS par,icularly suited 10 *° transmission of voice in an EDGE 

Summary of the Invention 

^IZnenu^Z?^ P T Sem inven,i0 " ,here is provided a m «thod of transmitting user data in a TDMA system in 
tTme slots ,S ' nCreaSed by partitioni "9 at 'east one time-slot in a TDMA frame into at least two sub- 

[001 1 ] Each sub time-slot may be allocated to a different user. 

fime 1 slot In a TTT* in 6aCh ,im9 5,01 3 bUrSt StfUC,ure ' user da,a bei "9 transmitted in each sub 

n brts Sd wL-.r. P h ,' n9 b " rSt S,ruc,ure User da,a mav be transmitted in each time slot in a burst structure having 
in a corresoonZ T '7 T " ™ SUb ^ USSr d3,a b6in 9 '^nsmitted in each sub time^.o, 
GSM burst suture 9 ^ da,a C ° mpfiSe SpSeCh ' ,he burSt struc,ure bein 9 a 

[0013] The TDMA system may be an EDGE packet switched network • . 

Sh?o J^/T A 2T^l be 3 Wirel6SS SVS,em ' Whefein in ,he Up " link data ,rom P users is enc ° d *d =^h that 
each forms 1/ P of an RLC/MAC block, wherein the data from each user is encoded into a respective one of p sub-.ime- 

[001 5] The RLC/MAC block may be transmitted over four TDMA frames 

£Tc 6] k , ThS U f 6rdata may be encoded in, ° an RLC/MAC blockfor transmission, the RLC/MAC block being transmitted 
in a sub-time-slot over a plurality of frames. 

^ 1 R 7™ U / e K dat ! 3SSOciated witn at least ,wo users ma V ^ encoded into a single RLC/MAC block, the portions of 

tu C assoc| ated with respective users being transmitted in respective sub-time-slots 
[0018] The invention will now be described by way of example with reference to the accompanying drawings in which 
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Brief Description of the Figures 
[0019] 

Figures 1(a) and (b) illustrate a first example of a header structure for transmitting voice over an EDGE network; 

Figures 2(a) and (b) illustrate a second example of a header structure for transmitting voice over an EDGE network; 

Figures 3(a) and (b) illustrate a third example of a header structure for transmitting voice over an EDGE network; 

Figures 4(a) and (b) illustrates system performance improvements using the header of Figure 3; 

Figure 5 illustrates an encoder for generating the header of Figure 3(a); 

is Figure 6 illustrates a decoder for decoding the header of Figure 3(a); 

Figure 7 illustrates circuitry for generating an RLC/MAC block in the down-link of an EDGE system; 

Figures 8(a) to 8(c) illustrate one embodiment of the generation of an RLC/MAC block from two speech frames 
20 from the same user in the down-link of an EDGE nelwork utilising Ihe circuit of Figure 7; 

Figures 9(a) to 9(c) illustrate an embodiment, corresponding to the embodiment of Figure 8, for generating an 
RLC/MAC block in the up-link of an EDGE system; 

25 Figures 1 0(a) to 1 0(e) illustrate one embodiment of the generation of an RLC/MAC block from four speech frames 

from different users in the down-link of an EDGE network; 

Figures 1 1 (a) to 1 1 (e) illustrate an embodiment, corresponding to the embodiment of Figure 1 0, for generating an 
RLC/MAC block in the up-link of an EDGE system; 

30 

Figure 12 illustrates circuitry for generating an RLC/MAC block in the down-link of an EDGE system: 

Figures 13(a) to 1 3(c) illustrate one embodiment of the generation. of an RLC/MAC block from two speech frames 
. from different users in the down-link of an EDGE network utilising the circuit of Figure 12; 

Figures 14(a) to 14(c) illustrate an embodiment, corresponding to the embodiment of Figure 13, for generating an 
RLC/MAC block in the up-link of an EDGE system; 

Figures 15(a) to (d) illustrate conventional interleaving techniques; 

Figure 16 illustrates a preferable interleaving technique for the down-link of a wireless network; 

Figure 17 illustrates a preferable interleaving technique for the up-link of a wireless network; 

45 Figure 18 illustrates circuitry for generating an RLC/MAC block in the down-link of an EDGE system; 

Figures 19(a) to 19(c) illustrate one embodiment of the generation of an RLC/MAC block from two speech frames 
from the same users in the down-link of an EDGE network utilising the circuit of Figure 18; 

so Figures 20(a) to 20(c) illustrate an embodiment, corresponding to the embodiment of Figure 1 9, for generating an 

RLC/MAC block in the up-link of an EDGE system; 

Figure 21 illustrates a convnetional GSM/GPRS burst structure; 

55 Figure 22 illustrates one embodiment of a preferable burst structure; 

Figures 23(a) to 23(c) illustrate an embodiment, corresponding to the embodiment of Figure 19, for generating an 
RLC/MAC block in the up-link of an EDGE system; 
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Figure 24 illustrates another embodiment of a preferable burst structure; and 

Figure 25 illustrates an example implementation of the preferable burst structures of Figures 22 and 24. 
Description of Preferred Embodiments 

[0020] The enhanced data rate for GSM evolution (EDGE) has been developed to support the transmission of data 
packets in wireless networks. Networks supporting the transmission of data packets are conventionally known as packet 
switched networks. In packet switched networks such as EDGE, the data is transmitted in data packets which include 
a header and a payload. Each data packet is encoded into a Radio Link Control/Medium Access Control (RLC/MAC) 
block. The payload includes the information portion of the data packet. The header includes control and routing infor- 
mation associated with the data packet. For example, the header usually includes the destination address of the data 
packet, error checking information, and control bits for enabling receipt of the packet to be acknowledged, and if nec- 
essary to request retransmission of the packet, 
is [0021] One characteristic of data packet transmission is that if the receiver in the network does not successfully 
receive the transmitted packet, then retransmission of the data packet is requested. 

[0022] In sending voice, as opposed to data, the requirements for transmission are different. For example, in voice 
transmission it is impractical for information to be re-transmitted because of time delay constraints. Therefore voice 
transmission in packet switched networks is unacknowledged voice packet transmission. In addition, with voice different 
bits of the encoded speech have different importance, and it is acceptable for certain bits to.be lost. However in data 
every bit is assumed to have equal importance, and no bits should therefore be lost. 

[0023] It is herein proposed to transmit voice over an EDGE packet switched network. In order to do this, a new RLC/ 
MAC block structure is proposed in which the conventional EDGE header is modified to include those fields required 
to support only voice transmission. Referring to Figure 1, there is shown a first embodiment of a new RLC/MAC block 
header, suitable for transmission of voice over EDGE. The new RLC/MAC block structure includes a header which is 
reduced compared to the header of the data packets for EDGE. That is, the length of the header is shorter than that 
which is required for the transmission of data packets. 

[0024] Thus to send voice over an EDGE network, it is proposed to change the RLC/MAC block of a standard data 
packet. The new block contains a header, and a payload consisting of the coded speech bits coded using a standard 
30 GSM speech encoder. 

[0025] This new RLC/MAC block is coded in a different way from that of a known standard EDGE packet. This change 
of coding is required because for speech data different bits have different importance whereas for data every bit has 
equal importance. 

[0026] Figure 1 (a) shows a header for transmission of voice in the down-link of an EDGE network, prior to channel 
encoding into an RLC/MAC block. The header 2 comprises an up-link status flag (USF) field 4, a temporary flow identity 
(TFI) field 6, and a final block indicator (FBI) field 8. The USF field is a 3 bit field, the TFI field is a 7 bit field, and the 
FBI field is a 1 bit field. All these fields, and there lengths, are defined by the GPRS standard which EDGE utilises, 
and the functionality of these fields in the reduced header is the same as in the normal header used in EDGE for data 
packet transmission. 

*o [0027] Figure 1 (b) shows a header for transmission of voice in the up-link of an EDGE network The header 10 
comprises a temporary flow identity (TFI) field 12, a speech flag (SF) field 14, andafinal block indicator (FBI) field 16 
The TFI field is a 7 bit field, the SF field is a 2 bit field, and the FBI field is a 1 bit field. The speech flag field is newly 
introduced into an EDGE header, and corresponds to the S/P bit in GPRS. 

[0028] In one preferable implementation of voice over EDGE as discussed hereinbelow, each EDGE RLC/MAC block 
45 contains two speech frames, and therefore two speech flags are preferably provided in the up-link header of Figure 1 
(b), in order to signal whether each of these frames corresponds to silence or voice. The speech flag field may be 
increased or reduced in dependence on whether more or less speech frames are included in the : RLC/MAC block. 
[0029] For completeness, a summary. of. each field of the up-link and down-link.headers of Figure 1. is given herein- 
below, but one skilled in the art will be familiar with these fields and their functionality. 
so [0030] The USF field is used for unique addressing of the mobiles. Specifically, when a mobile receives a packet in 
the down-link, and reads the packets header and finds that it contains it's USF, this means that the base station has 
given permission to this mobile to transmit its packets on the up-link in a predefined timeslot. 

[0031] The TFI field uniquely identifies a data flow. When a call is established, it is assigned a unique number. When 
a mobile station or a base station receives a packet and reads its header it knows which data flow (call) this packet 
55 belongs to, by reading the TFI field. 

[0032] When the SF field is set to 1 , the speech frame corresponds to speech. If the SF field is set to 0, the speech 
frame corresponds to silence. . ■ . 

[0033] ■ When the FBI field is set to 1, this is an indication to the receiver that the current data flow is ended. If trie 
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FBI field is set to 0, this means that there are more packets to be transmitted in the current data flow. 
[0034] Figure 2 shows a second embodiment of the new header for transmission of voice over EDGE. Figure 2(a) 
shows the header for transmission of voice in the up-link of an EDGE network further modified to include a set of error 
checking bits in a cyclic redundancy checking (CRC) field 18. The new header 20 still includes the USF field 4, the TFI 

s field 6, and the FBI field 8. 

[0035] Figure 2(b) shows the header for transmission of voice in the down-link of an EDGE network also further 
modified to include a set of error checking bits in a cyclic redundancy checking (CRC) field 22. The new header 24 still 
includes the TFI field 12, the SF field 14, and the FBI field 16. The provision of the error checking bits provides' extra 
protection for the header. Although the headers of Figures 2(a) and 2(b) are described with reference to a CRC field 

io for error checking, it will be appreciated that any other error checking scheme suitable tor detection of errors may be 
utilised in accordance with the application. 

[0036] The size of the CRC field in both the up-link and the down-link headers is dependent upon the error code 
used in the system. In a simple error checking scheme : the CRC field is generated in dependence upon the other fields 
in the header. At the receiver, the error field is compared to a recalculation of the CRC field based on the received 
is header, and if an error is detected then the speech block is discarded. In data transmission this is normal, and re- 
transmission of the data packet may be requested after the original packet is discarded. 

[0037] In voice, as mentioned hereinabove, re-transmission is impractical. If voice is sent in packet switched networks 
then the standard error techniques can result in a speech block being discarded on the basis of an error in the header 
alone, even when the speech in the payload is error free. 

20 [0038] Therefore there is proposed herein a further new header, generally applicable lo any network in which infor- 
mation is sent in a block comprising a header and a payload. This new header is described herein with reference to a 
third embodiment of the header for voice over EDGE described with reference to other embodiments in Figure 1 and 
Figure 2, but it will be appreciated that the technique is in fact applicable to all packet switched networks, i.e. environ- 
ments in which information is conveyed in packets or blocks having a header portion and a payload, whether the packet 

25 or block conveys speech or data. 

[0039] The principle of this new header is to provide an error field in the header which is generated in dependence 
only on bits contained in the header. 

[0040] This error field is then used at the receiver end to determine whether there are any errors present in the 
header. If one or more errors are present in the header, then the nature of the error field is such that the receiver can 
30 attempt to correct the error or errors introduced during transmission. 

[0)041] This means that blocks which are error free in the payload, or contain acceptable errors, are not automatically 
discarded. Therefore system performance is increased, particularly for the transmission of speech in packet switched 
networks. 

[0042] Referring to Figure 3(a), the up-link header for transmitting voice over EDGE is therefore modified still further 
35 to produce a new header 26 in which the error checking field comprises a cyclic code scheme (CCS) field 28. Similarly 

referring to Figure 3(b), the down-link header for transmitting voice over EDGE has been modified still further to produce 

a new header 30 in which the error checking field comprises a cyclic code scheme (CCS) field 32. 

[0043] In the header 26 for the up-link for an EDGE network, a 1 5, 10 cyclic code is preferably used for protection of 

the header, having the following generator polynomial: 
40 , 

. . 9(D) = D S + D 4 + D 2 + 1 

[0044] Thus a 15 bit header is generated from the original 9 bits of the header. In accordance with the standard 
45 EDGE, the FBI bit is not included in the calculation of the CCS field. Such cyclic codes are well-known, and within the 
scope of one skilled in the art. This block code has double-burst-error-correcting ability and single, random error cor- 
rection capability. It can detect up to 3 random errors. It can detect all burst error patterns of length 5 or less. The 
fraction of undetected error patterns of length equal to 6 is 0.0625: The fraction of undetected error patterns of. length 
larger than 6 is 0.031 25. The code has minimum distance of 4 and is the best code known with length 1 5 and dimension 
50 10., • 

[0045] In the header 30 for the down-link for an EDGE network a 15,9 cyclic code is preferably used for protection 
of the header, and has the following generator polynomial: 

55 g(D)=D 6 + D 5 + D 4 + D 3 + 1 

[0046] Thus a 15 bit header is generated from the original 10 bits of the header. In accordance with the standard 
EDGE, the FBI bit is again not included in the calculation of the CCS field. This block code has burst error correcting 
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undetected erro^r paL" or ^^h^^^T, iTs^XZ" St ^ ^ ^ « 
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Class II bits, and the Class bits are further split into a Class la category and a Class lb category. In general in speech 
different bits have different importance, and therefore in a more general case the important bits (Class I in GSM) can 
be considered as primary bits, and the less important bits (Class II in GSM) can be considered as secondary bits. 

s Two Speech Frames from same User 

[0057] Figure 7 illustrates a block diagram of an encoder suitable for encoding two speech frames on the down-link 
of an EDGE system, when the two speech frames are associated with the same user. The encoder comprises a pair 
of preliminary coding circuits 104 and 106, a pair of block code circuits 112 and 118, a pair of reordering circuits 114 

10 and 120, a pair of convolution encoders 126 and 1 28, an output circuit 116, and a further block code circuit 140. 

[0058] A standard GSM enhanced full-rate speech encoder generates a speech frame having 244 bits. 1 74 of these 
bits are Class I bits, of which 50 are Class la and 124 are Class lb. The remaining 70 bits are Class II bits. The 244 
bits of a first speech frame U1SF1 from a first user are received on a signal line 100, and the 244 bits of a second 
speech frame U1SF2 from the same first user are received on a signal line 102. Each of the 244 bit speech frames 

75 U1SF1 and U1SF2are input to one of the respective preliminary coding circuits 104 and 106. 

[0059] The preliminary coding circuits 104 and 106 each generate, on a respective output signal line 108 and .110, 
a set of 260 bits. Each speech frame U1SF1 and U1 SF2 of 244 bits are passed through one of the preliminary coding 
circuits to produce a respective set of 260 bits. The additional 16 bits are generated in the preliminary coding circuits 
by an 8-bit cycle redundancy code on the most important 65 bits of the Class I bits, and by two repetitions of the four 

20 most important Class II bits. Thus each speech frame speech frame is modified to have 50 Class la bits, 132 Class lb 
Bits, and 78 Class II bits, giving a total of 260 bits. This preliminary coding step is in accordance with standard GSM 
techniques. 

[0060] The 50 Class la bits on the signal line 108 are input to the block code circuit 112. Thereafter the 50 Class la 
bits are used to generate 3 parity bits, such that 53 bits are generated on the output line 121 of the block code circuit. 
2S Similarly the 50 Class la bits on the signal line 110 are input to the block code circuit 118, which generates 53 bits 
(including 3 parity bits) on line 124. 

[0061] The 132 Class lb bits on signal line 108 are input to the reordering circuit 114. The 1 32 Class lb bits on signal 
line 110 are input to the reordering block circuit 1 20. The 53 bits on signal line 121 form a further input to the reordering 
circuit 114, and the 53 bits on signal line 124 form a further input to the reordering circuit 120. 
30 [0062] " Each of the respective re-ordering circuits 114 and 120 additionally receive a set of six tail bits TB on the 
signal line 130 and 132 respectively. A tail is then added to the end of the Class I bits, in the reordering blocks 114 and 
120 respectively, which are used as trellis termination for the convolution encoder utilised for the further encoding of 
the Class I bits as discussed beidw. In EDGE six tail bits are added. 

[0063] The reordering circuit 114 reorders the 53 Class I bits on lines 121, the 132 Class I bits on line 108, and the 
3S 6 tail bits on line 130 to generate 191 Class I bits on signal line 1 22. The reordering circuit 120 reorders the 53 Class 
- I bits on lines 124 ; the 132 Class I bits on line 110, and the 6 tail bits on line 132 to generate 191 Class I bits on signal 
line 125. The 191 bit outputs on lines 122 and 124 respectively form inputs to the respective convolution encoder 
• circuits 126 and 128. 

[0064] The 78 Class II bits on line 108 are input directly to the output block 116. The 78 Class II bits on line 110 are 
40 input directly to the output block 116. 

[0065] Thus the 244 bit speech frames U1 SF1 and U1 SF2 are encoded, at this stage, into respective 269 bit speech 
frames having 191 Class I bits and 78 Class II bits. 

[0066] ' The encoding of the speech frame up to now is in conformance with speech encoding techniques used in 
GSM, and may be implemented in a standard GSM speech encoder. The one difference is that in standard GSM only 

45 four tail bits are required. Therefore in standard GSM there are usually only 189 Class I bits at this stage. 

[0067] In this advantageous embodiment of encoding two speech frames, an efficient coding technique is able to be 
utilised by encoding only one header, as opposed to two: That is, it is recognised that the headers associated with the 
two speech frames are identical as they are associated with the same user. Therefore, one header is discarded, re- 
sulting in a fewer number of bits needing to b encoded, as described below. As will also become apparent from the 

50 . following description, the requirement for the encoding of only one header when the speech frames are generated 
using an enhanced full-rate encoder enables two speech frames to be encoded into a single RLC/MAC block without 
the need for any puncturing in the encoding, resulting in a very efficient coding scheme. 

[0068] The 16 bits of the down-link header are presented on signal line 138. In this example the advantageous header 
structure for the down-link of Figure 3(a) is utilised. The three USF bits form an input to the block code circuit 140, 
55 which generates 36 bits on its output signal line 142 to the output circuit 116, utilising a standard block code from 
EDGE. The other 13 bits of the header on line 138 form a further input to the convolution encoder circuit 126. 
[0069] Referring to Figure 8(a), there is shown the unencoded down-link speech block or packet described up to 
now. The 3 bits of the USF field of the header on line 138 are designated by numeral 150, the remaining 13 bits of the 
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header on line 1 38 are designated by reference numeral 1 52 The 1 91 Class I hit, m ,h r . 

first user on l.ne 122 are designated by reference numeral 154 «nH ,hl t! he f ' rS ' Speech frame ,rom lhe 

the firs, user on line 108 are designated b -i3S^^JS 1 » ^?of S" °' ** flnt Sf>eeCh ' rame ,rom 

from the firs, user on .ine 124 are designated b ^r^S"lS r?" ^ I" MCOnd Spe6Ch ' rame 

tone from the first user on .ine 11 0 are designated by li^n^^g* ^ " b " S °' ,he Second "P"* 

•o-Vpu^^^ 
"--•-earb.oc^ 







Table I 




USF 


Encoded USF 


15 


000 


OOOOOOOOOnnnnnnnnnnnnnriri/^rArt 
00000000 




001 


000000 1 1 1 00 1 0 1 1 1 1 00 1 00 11 1 0 1 1 
10101111 


20 


010 


0001110010111100100111011101 
01111000 




011 


0001111100101011000011100110 
11010111 


25 


100 


1110010111100100111011101011 
11000000 




101 


1110011001110011011111010000 
01101111 


30 


110 


1111100101011000011100110110 
10111000 




111 


1111101011001111111000001101 00010111 
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passed to the output circuit 116 These 612 bite L Z*J*hT " the ° U,put si9nal line 134 > which are 

[0072, The 3,1,7 convo.utional ^SSSiT^ 164 " R9Ure 8(b) ' 
for data transmission in EDGE. The code haTa rate J? T/3 LnH f mb ° d t ,men ,s more P^erful than the one proposed 
complexity with the code proposed for EDGE * °' 7 and there,ore * is ° f same 

[0073] The generator polynomials of the rate 3,1 ,7 convo.utional code are as follows. 

G 0 (D)=1 + D 2 + 0 3 + D 5 + D 6 



so 
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S E h^ 

reference ntmlnS £ ^u» 8 7)TiSiS^QS; U f ,, T "rT^ ^ "™ 1 ° 8 ' « ^ 
[0076] The 191 Class I bits oi Si Jl^!* ° C ' aSS " bitS t0 be "Encoded. 

128. The 3,1,7 T^e ^gaS^ t^n^lT ^ '° ^ ™<*« *"* 

output signal ,ine 136, which B n p^t a 1!^ V SS^Z^^ ^ * 573 b " S ° n ,he 

168 in Figure 8(b). ' P Ult 116 " These 573 blts are designated by reference numeral 
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[0077] The 78 Class II bits are passed to the output circuit 116 in unencoded form on line 110, and are designated 
by reference numeral 170 in Figure 8(b). 

[0078] The output circuit. 116 additionally receives 4 stealing bits SB on line 146. The four stealing bits are used to 
signal the type of the header (as in data transmission over EDGE). Each TDMA burst contains one stealing bit. Four 

5 stealing bits are therefore provided, as it is proposed herein that the RLC/MAC block is spread over four bursts as for 
data over EDGE. In addition to the 1377 bits generated and as shown in Figure 8(b), this leaves the total number of 
bits as 11 short of the number of bits available in an EDGE RLC/MAC block. Thus the output circuit 116 additionally 
receives 11 spare bits SPB on line 148. The output circuit then generates the completed EDGE RLC/MAC block on 
line 149, comprising 1392 bits, for transmission. 

10 [0079] Referring to Figure 8(c), the completed RLC/MAC block for the down-link is illustrated, and corresponds to 
the format shown in Figure 8(b) with the addition of the 4 stealing bits designated by reference numeral 172, and the 
11 spare bits designated by reference numeral 174. Reference numeral 176 represents the 1377 bits of Figure 8(b). 
[0080] In practice only one of the convolution encoders 126 or 128 may be provided. Such a single convolution 
encoder may be utilised for encoding both speech frames in sequence. 

'5 [0081] Whilst the above description has been in relation to the transmission of two speech frames in the same RLC/ 
MAC block in the down-link, and Figure 8 represents a summary ot the channel coding for transmission of two speech 
frames in one RLC/MAC block for down-link transmission, similar techniques apply in the up-link. Figure 9 illustrates 
the channel coding principle applied for transmission of two speech frames in one RLC/MAC block for up-link trans- 
mission. 

20 [0082] The encoder for generating the RLC/MAC block in the up-link will be very similar to that in the down-link shown 
in Figure 7, and is therefore not shown herein. The encoder in the up-link differs in that the block code circuit 140 for 
the header is not provided, and all 16 bits of the up-link header of Figure 3(b) are combined with the 191 bits on line 
122 in the convolution encoder. In addition, the number of spare bits in the RLC/MAC block following convolution 
encoding is 38, and hence the number of spare bits SPB on line 148 is increased to 38. 

2S [0083] Referring to Figure 9(a), there is shown the unencoded up-link speech block or packet. The 16 bits of the 
header on line 138 are designated by reference numeral 180. The Class I bits of the first speech frame from the first 
user on line 122 are designated by reference numeral 182, and the Class II bits of the first speech frame from the first 
user on line 108 are designated by reference numeral 184. The Class I bits of the second speech frame from the first 
user on line 124 are designated by reference numeral 186, and the Class II bits of the second speech frame from the 

30 first user on line 110 are designated by reference numeral 188. 

[0084] The 191 Class I bits of the first speech frame on line 122 are combined with 16 bits of the header on line 138 
in the convolutional encoder circuit 126. A 3,1 ,7 convolution code is again utilised in the convolution encoder circuit 
126 to generate 621 bits on the output signal line 134 : which are passed to the output circuit 116. These 621 bits are 
designated by reference numeral 1 90 in Figure 9(b). 

35 [0085] The 78 Class II bits are passed to the output circuit 116 unencoded from line 108, and are designated by 
reference numeral 192 in Figure 9(b). 

[0086] The 191 Class I bits of the second speech frame on line 125 are input to the convolutional encoder circuit 
1 1 28. A 3, 1 ,7 convolution code is again utilised in the convolution encoder circuit 1 26 to generate 573 bits on the output 
signal line 1 36, which are passed to the output circuit 116. These 573 bits are designated by reference numeral 194 
40 jn Figure 9(b). 

[0087] The 78 Class II bits are passed to the output circuit 116 unencoded from line 110, and are designated by 
reference numeral 196 in Figure 9(b). 

[0088] Referring to Figure 9(c), the completed RLC/MAC block for the up-link is illustrated, and corresponds to the 
format shown in Figure 9(b) with the addition of the 4 stealing bits designated by reference numeral 198, and the 38 
45 spare bits designated by reference numeral 202. Reference numeral 200 represents the bits of Figure 8(b). 

[0089] On the up-link or the down-link the 1392 bits of the RLC/MAC block are passed to an 8-PSK modulator of the 
EDGE encoder. The RLC/MAC speech blocks are preferably interleaved over four bursts, as in the transmission of 
data packets in EDGE. 

[0090] At the receiver, the reverse decoding stages are utilised. If the header of a received speech frame is in error, 
50 then an error correction is attempted. If the error correction is successful, the received speech frame may still then be 
discarded if either of the two CRC checks is not successful (the 3 bits protecting the 50 Class la bits or the 8 bits CRC 
protecting the 65 most important Class I bits). 

[0091] Thus in the above there has been described a technique for encoding two speech frames from the same user 
in a single RLC/MAC block for transmission over EDGE. Although this technique has been specifically described in 
55 relation to a technique for transmitting voice over EDGE, it applies more broadly to the transmission of voice over 
packet switched networks. The technique allows two speech frames from one user to be encoded into a single RLC/ 
MAC block using an encoding scheme which is proven to be advantageous. More importantly, there is no requirement 
for any puncturing of bits in implementing the encoding scheme. That is, there is no need to remove bits of the encoded 
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speech frames to ensure that the number of bits fits into the Rl r/MAr w^l 

required with the encoding of speech data ThZ nZt IT * RI ; C/MAC block - as ™V normally be expected to be 
two speech frames are from ^^T^T^Z^ ^ "H™* by UtMiSin9 the ch ^teristic that if 

if they are from the same user only one header is required ^rdless * the number of speech frames. 

SJS^ -coding of ,wo speech frames which are associ- 

does not have any information TrtTetLlZ ^ U8em * ^ in the d ™ M «• 

STb, ocl^ZTnLTeZ^ f ° Ur ! PeeCh ' rameS <™ «» «™ -r in a sing.e RLC/ 

RLC/MAC block. nCOd ' n9 °' laf9er nUmbers of s P eech ,ra ^s from the same user in a.single 



Two Speech frames from Different User - Case 1 
[0095] 



X fro R m tZi^Sr^fs Sr^doTnTnK i" 1 ^ 1 ' 09 s^'™' «* - 

corresponds substantia,* ^^^^^7^ rTfl" "Ti^ * F,flUW 12 

like elements. The main difference lies in the arM.?™ I If I , * ^ , fe ' erence "Serais have been used to denote 
encoder circuits 126 and 1 2 are modified 2 a22 on^J h ^ ^ CirCUit 141 " addition the involution 
[0096] This emboOimo^Z^^SM^T as will be described further hereinbelow. 

as described herrt^^f^^^ 'StlXrT r ™ ° SM S > eech ™°«er, 

« roc ei , ed on the signa( )jne 100 J^^J^^Z^^^ ,r ° m 3 USer 

the signal line 102. Each of the 244 bit speech frames Ul SFl and U2SF1 ! * ™ 

circuits 104 and 106, the block code circuits 112 ^B sndZ^r* * Pressed by the preliminary coding 

inabove with reference to Figure 7 reordering circuits 1 20 exactly as descr.bed here- 

sented on signal line 139 The three USF hit* fnrm =J7 . . ?! a W,th the speech frame U2SF1 are pre- 

its output signal line 143 to fte ^Su?iVfi T ^ "** ^ 141 ■ which 9 enerates 3 6 Ms on 

with reference to F^T'leX'slt of the S'' f^foo ?' ° Ck ^ ftom EDGE discussed hereinabove 
circuit 1 28. 3 b ' tS ° f the h9ader ° n llne 1 39 form a f^her input to the convolution encoder 

and 128. In this example eacrTwSS' frame ^ of heconvolutonal encoder circuits with puncturing 126 

frame from a first user'thusT^ f °™< °< figure 3(a). A first speech 

by reference numeral 21 4 The Class I bits of the fiZ IS ; L ^mamder of the header is designated 
numeral 216. and the Class II bits ram the fi«t 1 P ^ ,he USer are d <*i 9 nated by reference 

218. A first speech In^^^^SS fuTf^d 2^ o! iT ^TT^ * ™~« 
header is designated by reference numeral 222 7^1,^1,1 6ader 221 ' and ,he re ™inder of the 

designated by reference nume a 22 arfd me Class ifbTt tLTV'T -P68 * ^ 1tm ^ S6COnd USer are 
designated by reference numeral 226 ^ Spe6Ch ,rame ,rom ,ne second' user are 

[0100] As discussed above, the 3 bits of the USF Upm oto ~i •«, ^ ^ 

P101] The 191 Clas. I bils gTu Sl^h T 5 *< W " b ' »!«*««» aumsral 238 ir, Fisu,. 13(b) 

h„de, on , h . ,3s in li «™ S ^ JS£T» Jf?,'? " r°' n8d "* ' 6 ,lte0, 



b(9+jM7)j=0,1... 33, 
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where b(i) is the output of the 3,1,7 encoder. This scheme will not puncture any CRC bits. For Class I bits, the total 
output is 573 bits, with the CRC bits located in positions 151 to 159. The closest bits to the CRC which are punctured 
are bits 145 and 162. The last bit punctured is 570. 

[0103] The 78 Class It bits 218 are passed to the output circuit 116 unencoded from line 108, and are designated 

s by reference numeral 232 in Figure 13(b). 

[0104] As discussed above, the 3 bits of the USF field 220 of the header associated with the second user are block 
encoded in the block code circuit 141 to give 3 bits on line 143, designated by reference numeral 240 in Figure 13(b). 
[0105] The 1 91 Class I bits of the first speech frame from the second user on line 125 are input to the convolutional 
encoder circuit 128. A 3,1,7 convolution code is again utilised in the convolution encoder circuit 128, and the encoder 

10 circuit punctures 34 bits such that 578 bits are generated on the output 136 of the encoder circuit 1 28. These 578 bits 
are designated by reference numeral 234 in Figure 13(b). 

[01 06] The 78 Class 1 1 bits 224 are passed to the output circuit 1 1 6 in unencoded form on line 1 1 0, and are designated 
by reference numeral 236 in Figure 13(b). 

[0107] The encoder of Figure 12 also differs from that of Figure 7 in that there are 8 stealing bits SB provided on line 
is 146, and there is no requirement for spare bits to be provided. 

[0108] Referring to Figure 13(c), the completed RLC/MAC block for the down-link is illustrated, and corresponds to 
the format shown in Figure 1 3(b) with the addition of the 8 stealing bits designated by reference numeral 240. Reference 
numeral 242 represents the bits of Figure 1 3(b). 

[0109] Four more stealing bits are added to guarantee a complete in-band signal when the second user is absent. 
20 [0110] On the up-linkor the down-link the 1392 bits of the RLC/MAC block are passed loan 8-PSK modulator of the 
EDGE encoder. The RLC/MAC speech blocks are preferably interleaved over four bursts, as in the transmission of 
data packets in EDGE. 

[0111] At the receiver, the reverse decoding stages are utilised. If the header of a received speech frame is in error, 
then an error correction is attempted. If the error correction is successful, the received speech frame may still then be 
25 discarded if either of the two CRC checks is not successful (the 3 bits protecting the 50 Class la bits or the 8 bits CRC 
protecting the 65 most important Class I bits). 

[0112] The encoder for generating the RLC/MAC block in the up-link will be very similar to that in the down-link shown 
in Figure 12, and is therefore not shown herein. The encoder in the up-link differs in that it is effectively simply half of 
the encoder shown in Figure 1 2. The operation of the encoder in the up-link is best illustrated with reference to Figure 1 4 
30 [0113] In the up-link, each user encodes its associated speech frame. Thus Figure 14(a) illustrates the unencoded 
speech frame for one of the users, for example the first user. Again, the preferable header format of Figure 3(b) is used 
in the up-link. The unencoded speech frame : as shown in Figure 14(a), comprises a header field 256 comprising the 
16 bits of Figure 12, the 191 Class I bits designated by reference numeral 258, and the 78 Class II bits designated by 
reference numeral 260. 

35 [0114] In theup-link, the full 16 bits of the header are convolution encoded with the Class I bits, as discussed here- 
inabove in the embodiment of two speech frames from the same user Again, the 3,1 ,7 convolution code is used, and 
in the case of the up-link it is necessary to puncture 7 bits. Thus in the up-link the convolution encoder generates 614 
bits 262 as shown in Figure 14(b). In the up-link only 7 bits are punctured. 

[0115] The puncturing scheme used in a preferable implementation is for Class lb bits only, and may be expressed as: 



40. 



so 



b(200+j*49) 1=0,1... 6, 



where b(i) is the output of the 3,1 encoder. This scheme will not puncture any CRC bits. The CRC bits are located at 
45 151 to 159. Puncturing starts at 200 and finishes at 494. 

[0116] The 78 Class II bits are included in the encoded speech frame 252 unencoded as before, and.are designated 
by reference numeral 264. 

[0117] The. thus encoded speech frame 252 has four stealing bits 266 added thereto, and this represents half of an 
RLC/MAC block as shown in Figure 14(c), where the bits of Figure 14(b) are represented by reference numeral 268. 



Interleaving Scheme 



[0118] The present description has a particular emphasis on the application of techniques to an EDGE system. In 
EDGE, it is proposed that data packet encoded into an RLC/MAC block should.be transmitted on the downlink or the 
55 up-link in four bursts. That is the 1 392 bits of an RLC/MAC block should be split into four sections, with each section 
being sent in a separate burst. 

[0119] As will be familiar to one skilled in the art, each burst occupies a time slot of a TDMA frame. That is, trans- 
mission in a TDMA system takes place in a series of TDMA frames, each of which is split into a number of time slots. 
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Each time slot, in a circuit switched network having dedicated physical chann^ ic „ > ^ 

JESSES* 3 - °' 58 - - - ^ "^S^™S^s 

« compris es a set of eight time slots TNMo TN8 ™,^^ f °' R9Ure 1 5(3) e3Ch ,ime frame 

format shown in Figure 1 5(b). Ordinarily each tfrne s iTwi^n IT, 3 ° MA ' rame CarrieS a burst havin 9 

[0122] Referring to Figure 5(c). the ^S^a^R^^^TT^? * 3 particu,ar USer " 
GPRS system is shown. Block 800 represents h 4 6 f b ^ 

user, block 802 represents the 464 bits of a second RLC/MAr s^ L RLC/MAC s P eech bloc k associated with a first 

numeral 801) and the first half o, lhe~«^^ T^™ * ' efere " ce 

[0124] Thus, as indicated by the arrows in F Lure Ts,c ^ « d88 « nated by reference 805). 
» set of 58 bits (including the stealing bJ^TheSSck 802 a ZlT L und ^ood by one skil.ed in the art, the first 
with the fifth set of 58 bits of the block 800 The i^nnH a ; e /"' er ' eaved ,n lh * 'hird time slot of a firs, time frame TF1 . 
slot of a second time frame TF2 S the sixlh set "58 It o, * T° W ° Ck 8 ° 2 *'* mte «™ e « in thethi ' d time 
are interleaved in the third time slot of 1th d time rame TF3 w th L T ™ e *** ^ °' 58 b " S °' the btock 802 
set of 58 bits of the block 802 are interleaved ? , T . °' 58 b ' lS °' the block 800 Th * four 'h 
- bits of the biock 800. The fifth set o, ^^J^^^^^. ,ime tame TF4 Wi,h the ^ ^ <* ™ 

TF5 with the first set of 58 bits of the block 804 Tnt Jlfh are / n ' e ^ aved ,f1 *M time slot of a fifth time frame 
time s.o, of a sixth time frame TF6 with " e lond set o, 58 bS 2 T Z ^V*** "* " ,hS ,hird 

b.ock 802 are inter.eaved in the third time slot oZ sevinth ,S ~ b,OCk 804 The Seven,h set °' 58 bits of the 

The eighth se, o, 58 bits of the bioci^SLI^SSS in the^T "? ^ * " ^ °' 58 bi,S ° f ,he block 804 - 
fourth set of 58 bits of the b.ock 804 The se s of bis are slw ^ °' °* *" ei 9 h,h ,ime <™™ TF8 with the 

[0125] Conversely in .he EDGE proposa^Lh RLC^MAr h!n t ? m,ni . mise correlation, 
fourtime slots in four successive LeTa^ 

l^lsz: ^^^szs^^Tr b ,t modu,ator is used This a,iows - h — 

Thus the 1 392 bits of an EDGE Rl^SSTbte ZT^ntZ J °J " S ' ^ 464 (456 bitS ? ,us ei 9 hl «tealin B bits), 
successive TDMA time frames TF1 tn tZ ~^\3™ a ^ W ° c . k 810 in Fi 9<"* 15(d), are interleaved over four 
of data. h4 ' n the thlrd t,me s,ot Each tlm e slot carries a single burst carrying 348 bits ' 

of data, anti therefore ,he 1 392 bits of data 
for the transmission of voice over EDGE " 92 bTs o data mt h T^ 6 ' the embodime ^ described.herein 
user w ould need to be allocated a separate ?ime s^'in elch Sme ^ ^ ^ ^ 

Ihich^r^^ ^ — * Prosed ^ . scheme in 

applied advantageously to the transmrssion o^^^^^^ 

to the technique described hereinabove d " ferent USers over EDGE enc ^ed according 

associa.ed wi.h the firs, user (including ourYiaLg bits) ^^EJ™^*™^* 0 * °°^ iSeS 696 bits 
stealing bits). In accordance with the new lecZue Tt ^ u aSSOC,a,ed w,,h ,he sec ^ d user.(inc.uding four 
first user are transmitted in an allocated ir S Sf!^h f ' 8 ° f the encoded bi,s associated with the 

bits associated with the sec^sTJ^^t hTTame J SU ?° SSive ,rames ' a " d - ^er of the encoded 
four successive frames 'ransm.tted ,n the same allocated lime slot of each time frame on the same 

608 of the burst, and 1 74 bits (including one stealVno b^fThf 1 ! L *'* ,ransmitted in »e data portion 

are transmitted in the data port on 61 2 o, Z >tu r s i ^1 1^?°?^ * LC ' MA ° W " h ,he second user 

stealing bit) of the encoded RLC/MAC TassoJiated with hT, , me ' rame TF2 3 fUrther 1 74 bits < includi "9 

and a further 174 bits (inching o^es.S n^ ^ ™ - «ne b'urst, 

y ; ui me encoded RLC/MAC associated with the second user are trans- 
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mitted in the data portion 612 of the burst. This is then repeated for a further two bursts such that all 1392 bits of the 
burst are transmitted in four successive bursts. 

[0131] Referring to Figure 16, there is further illustrated the principle of such a scheme applied to the down-link, for 
transmitting the RLC/MAC blocks of Figure 13(c). 

s [0132] A block designated by reference numeral 400 represents 160 samples of speech associated with a first user 
in a 20ms time frame, prior to initial channel encoding. As represented by the arrow 404, these 160 samples are 
encoded into a 260 bit speech frame for the first user as designated by reference numeral 408, which are the set of 
bits on the output 108 of the preliminary coding circuit 104. These 260 bits still occupy a 20ms time period. The 260 
bits of the speech frame are then encoded into the 696 bits constituting half of the RLC/MAC block on the output 149 

10 of the output circuit 116, which step is represented by arrow 412. The 696 bits of the RLC/MAC block are designated 
by reference numeral 416. 

[0133] Similarly, for the second user, the arrows 406, 410 and 414 correspond directly to the functions illustrated by 
the arrows 400, 408 and 416 respectively. The blocks designated 402, 410, and 414 for the second user correspond 
directly to the blocks 404, 412 and 416 for the first user. 
is [01 34] Thus the block 41 8 corresponds to the set of 696 bits of the RLC/MAC block of Figure 1 3(c) associated with 
the second user. 

[0135] The third time slot of the TDMA frames is allocated to both users. In a first frame TF1 a first quarter of the 
encoded data for each user plus two respective steering bits is transmitted. In a second frame TF2 a second quarter 
of the encoded data for each user plus two respective stealing bits is transmitted. In a third frame TF3 a third quarter 
20 of the encoded data for each user plus two respective stealing bits is transmitted In a fourth frame TF4 a fourth quarter 
of the encoded data for each user plus two respective steering bits is transmitted. Thus the whole RLC/MAC block is 
transmitted over four bursts or time slots. 

[0136] In a preferred implementation, the coded bits are reordered and interleaved according to the following rule: 

i(B,j) = c(n,k) 
25 for: k = 0,1,. ..,691 

n = 0,1,... ,N,N+1,... where n is the frame number. 

[0137] The result of the interleaving is a distribution of the reordered 692 bits of a given user one speech block, n = 

N, over 4 blocks using the even numbered bits of the first 2 blocks (B = B0+2N+0,1 ) and the odd numbered bits of the 

last 2 blocks (B = B0+2N+2,3). The reordered bits of the second user speech block, n = K, use the odd numbered bits 
30 of the first 2 blocks (B = B0+2N+0.1) and the even numbered bits of the last 2 blocks (B = B0+2N+2.3). 

[0138] The mapping is given by the rule: 

e(B,j) = i(B,j) and e(B,176+j) = i(B,174+j) for j = 0,1 ,...,173 

and ' 

e(B, 1 74) = SB(2B) and e(B, 1 75) = SB(2B+1 ) 
35 [01 39] The two bits, labeled SB(2B) and SB(2B+1 ) on burst number B are flags used for indication of control channel 
signaling. . 

[0140] In the up-link, the technique proposed with reference to Figure 16 is not feasible, since neither user is syn- 
chronised with the other.. However an adaptation of the technique is still possible, which still employs the concept of 
• the two users sharing the same time slot to transmit the 1392 bits of the RLC/MAC block over four successive bursts. 

40 [0141] Again, suppose that time slot TN3 is allocated tothe two users. In time slot TN3 of time frame TF1 1 74 bits 
(including one stealing bit) of the encoded RLC/MAC associated with the first user are transmitted in the data portion 
608 of the burst, and a further 174 bits (including one stealing bit) of the encoded RLC/MAC associated with the first 
user are transmitted in the : data portion 612 of the burst. In time slot T3 of time frame TF2 174 bits (including one 
stealing bits) of the encoded RLC/MAC associated with the second user are transmitted in the data portion 608 of the 

45 burst, and a further 174 bits (including one stealing bit) ot the encoded RLC/MAC associated with the second user are 
transmitted in the data portion 612 of the burst. The remaining bits associated with the first user are then transmitted 
in the third time frame TF3, and the remaining bits associated with the second user are then transmitted r in the fourth 
time frame. - ' - - ; ...-<.. ■ ■ ■ . k 

[0142] Referring to Figure 17, there is further illustrated, the principle of such a scheme applied to the up-link, for 

so transmitting the RLC/MAC blocks of Figure 13(c). 

[0143] . The blocks 400, 408, and 41 6 in Figure 17 correspond to the same blocks as like reference numerals in Figure 
16, and are associated with the first user. The blocks 402, 410, and 418 in Figure 17 similarly refer to the same blocks 
as like reference numerals in Figure 1 6, and are associated with the second user. 

[0144] The 696 bits of the RLC/MAC block for the first user are designated by reference numeral 416, and the 696 
55 bits of the RLC/MAC block for the second user are designated by- reference numeral 418. 

[0145] Similarly, for the second user, the arrows 406, 410 and 414 correspond directly to the functions illustrated by 
the arrows 400, 408 and 416 respectively. The blocks designated 402, 410, and 414 for the second user correspond 
directly to the blocks 404, 412 and 416 for the first user. * : ' 
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rJZZ bi,S ° f ^ 6nCOded RLC/MAC blOCk in,er ' eaVed °- - -n/odd bursts and passed to the 

£!! = c(^*0^Sf 9d bi ' S Pre,erab ' y re ° rdered inter ' eaVed 3CCOrd ^ «° «»» fCowing ruie: ' 

n = 0,1,...,N,N+1,... - 
[0148] The result of the interleaving is a distribution of the reordered 6Q? hitc rt f * 

[0149] The mapping is given by the rule: 
e(B, j) = i(B,j) and e(B, 1 76+ j) = j(B, 1 74+j) for j = 0 1 1 73 
and ' ' 

e(B,174) = SB(2B) and e(B,175) = SB(2B+1 ) 
iSg The,WObi,S ' labeledSB(2B)andSB(2 ^ 
Two Speech frames from Different User - Case II 

speech frames U1 SF and SSfV »™ ITT ° n the si 9 nal ,ine 1 02 Each °' 244 bit 

55 K. °' ,h ° ,wo speech ,,ames ' ana ,heir -— " <— «u*» * - 

125 are designated by reference numeral ?Q9 th* tq n , Q „ Zr) blts from th © secondjjser on line 

encoded bi ,s 3^^^ ™ B ' U «'*" * ^'9 ure 19(b). The 1112 convo.ution 

S rI?hST ,U ?'!JiTS te r' ied ? SS ' b b " S ° n,y ^ ,hS Pre,erab,e scheme is •*"«• -** by. 

u^uu+ j 4yj j— 0,1... 7, where b(i) is the output of the 3,1,7 encoder 
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b(755+ j*49) j=8,... 15, where b(i) is the output of the 3,1,7 encoder. 
[0161] The total number of bits reduces from 1128 to 1112. 

[0162] As described before with reference to Figure 12, each of the 3 bit USF fields are encoded in the block code 
circuits 140 and 141 into a respective set of 36 bits, using the block code described'hereinabove. The 36 bits corre- 
s sponding to the first user are designated by reference numeral 302 and the 36 bits corresponding to the second user 
are designated by reference numeral 304 

[0163] Each set of 78 Class tl bits are unencoded as before, and are designated by the reference numerals 306 and 
308. 

[0164] Referring to Figure 19(c), there is shown the final encoded RLC/MAC block 310, which comprises the 1388 
10 bits from Figure 19(b) designated by reference numeral 312, together with 4 stealing bits designated by reference 
numeral 314. 

[0165] The down-link, in this embodiment, utilises the interleaving technique introduced in Figure 16 for interleaving 
the RLC/MAC blocks onto four bursts. 

[0166] For this particular embodiment, there are two alternative techniques discussed hereinbelow for encoding on 
is the up-link. As discussed hereinabove for the first embodiment of two speech frames from different users on the up- 
link, neither user has any information about the other, and therefore each speech frame from each user is encoded' 
separately. 

[01 67] Figure 20 shows a first example of up-link coding. In Figure 20(a) there is shown an unencoded speech block 
322 having a header designated by reference numeral 326 corresponding to that of Figure 1(b), a set of 191 Class I 
20 bits designated by reference numeral 328, and a set of 78 Class II bits designated by reference numeral 330. 

[0168] The encoded speech block 322 is illustrated in Figure 20(b). In this example, the up-link header and the set 
of Class I bits are encoded together by a 2,1 ,7 convolution code, with puncturing of 28 bits. 
[0169] The preferable puncturing scheme applied for Class lb bits only is: 

b(110+ j*10) j=0,1... 27, where b(i) is the output of the 1/2 encoder. The total number of bits reduces from 402 to 374. 
25 [0170] This results in a set of 374 bits as designated by reference numeral 332. As before the 78 Class II bits remain 
unencoded, and are designated by reference numeral 334. 

[0171] Finally, the RLC/MAC block 324 for transmission is illustrated in Figure 20(c), and includes all the bits of Figure 
20(b) designated by reference numeral 336 together with the 4 stealing bits designated by reference numeral 328. 
[01 72] The speech frame of the second user is similarly encoded, and results in an RLC/MAC block with the identical 
30 format to that of Figure 20(c). 

New Burst Structure 

[0173] Figure 21 illustrates the conventional structure of a normal burst, and is identical to that shown and described 
35 previously with reference to Figure 15(b). However, in Figure 21 the number of bits in each portion of the burst. corre- 
sponds to those which can be accommodated using 8 PSK modulation. 

[0174] In the following a new burst structure based on the GSM/GPRS burst structure is proposed, which, advanta- 
geously utilises the encoding technique for the up-link described with reference to Figure 20. Referring to Figure 22 
there is shown a new burst structure 602, equivalent in length to the burst structure of Figure 21 , but having tail portions 
40 618, 626, 630 and 638, data portions 620, 624, 632, and 636, training sequences 622 and 634, and guard portions 
628 and 640. The 456 bits of an encoded RLC/MAC block are interleaved over four half bursts and passed to the 8 
PSK modulator. 

[0175] Figure 23 shows a second example of up-link coding. In Figure 23(a) there is shown the unencoded speech 
block 320 of Figure 20(a). 

45 [0176] The encoded speech block 340 is illustrated in Figure 23(b). In this example, the up-link header and the set 
of Class I bits are encoded together by a 3,1 ,7 convolution code, with puncturing of 181 bits. 

[0177] This scheme uses (3,-.1,7) convolutional code rather than (2,1 ,7) convolutional code in previous section. This 
. code has better coding gain but it produces more bits and lot puncturing has to be done. . " 

[0178] Puncturing schemes are used: 
so b(43 + j*3) j=0,1... -44; where b(i) is the output of the 1/3 encoder. 

b(1 93 +j*3) j-0,1... 135, where b(i) is the output of the 1/3 encoder. 

[0179] This scheme will not puncture any header or CRC bits. The header is located at bits 1 to 30 and. the CRC is 
located at bits 181 to 189. 

[0180] This results in a set of 422 bits as designated by reference numeral 342. As before the 78 Class II bits remain 
55 unencoded, and are designated by reference numeral 344. 

[01 81 ] Finally, the RLC/MAC block 350 for transmission is illustrated in F igure 23(c), and includes all the bits of Figure 
23(b) designated by reference. numeral 348 together with the 4 stealing bits designated by reference numeral 346. 
[0182] The speech frame of the second user is similarly encoded, and results in an RLC/MAC block with the identical 



15 



BNSDCCID: <EP 1059740A1 



10 



15 



BP 1 059 740 A1 

format to that of Figure 23(c) 

644, 648. 654, and 658, and .raining sequences 646 and eSB^fte^STuSiSS P ^ P ° rti ° nS 
to the new burst structure of Figure 22. but without any guard bands ThP ^nfh? T ^ 24 corres P° nds 

Figure 23 are interred over Lr half bursts JSiSSSTSsk ^ " 

roifi^ in ?h u u 6 6aCh sub - 1,me - sl °' corresponds to that of Figure 22 

way Tn e^^SL^S^ * 3 C0nVen,iOna, ^ ^ P ^ Cha ™ els this 

m L I? p 4 7 sical channel system may become a sixteen physical channel system 

EnS inched " " ***** T ° MA ,he " Umbe ' ° f ««• channel, may be doubled or 
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[0198] The circuitry for generating the half-rate encoded speech frame 70S of Figure 10(b) may be a standard GSM 
speech encoder, the implementation of which will be well within the scope of one skilled in the art. The circuitry for 
further encoding such speech frames into an EDGE RLC/MAC block will also be apparent to one skilled in the art 
having reference to the circuit of Figure 7 described hereinabove and the following additional description. For reasons 

s of conciseness, a further modified implementation of such a circuit is not shown here. The necessary modifications to 
the circuit of Figure 7 will be apparent from the following description with further reference to Figures 10 and 11 . 
[0199] The encoding of the half-rate speech frame up to now is in conformance with speech encoding used in GSM. 
In this example the advantageous header structure for the down-link of Figure 3(a) is again utilised. 
[0200] Referring to Figure 10(b), there is shown one unencoded down-link speech frame 712 associated with one 

10 user. The 3 bits of the USF field of the header on line 138 are designated by numeral 720; the remaining 13 bits of the 
header are designated by reference numeral 722. * * V: ;'V . 

[0201] The three USF bits of the down-link header are block coded into 36 bits as designated .by reference numeral 
726 in Figure 10(d). For the encoding of the USF field in the header the 36,3 linear block code as suggested for EDGE 
data transmission and shown hereinabove in Table I is used. 

is [0202] The 95 Class I bits 702 and 704 of the first speech frame are combined with the remaining 13 bits of the 
header 722 (i.e. all fields except the 3 USF bits) and the 3 CRC bits 710 in a convolutional encoder circuit. A 3,1,7 
convolutional code is utilised as described above to generate 351 bits designated by reference humeral 724 in Figure 
10(c). 

[0203] The 3,1,7 convolutional code described hereinabove with reference to Figure 7 is again used, having the 
20 generator polynomials of the rate 3,1 ,7 covolutional code as follows: 

G Q (D) = 1 + D 2 + D 3 + D 5 + D 6 

25 2 3 4 6 

G 1 (O) = 1 + D + D + D + D + D 



G 2 {D) = 1 + D + D 4 + D & 

30 

[0204] The output of the convolutional encoder comprises 351 bits /to(1), .... fc>(351)]. In order to fulfil the length re- 
quirements of the EDGE RLC/MAC block, puncturing must be used at this stage. More specifically, 58 of the 351 bits 
724 are punctured to result in a set of 293 encoded bits designated by reference numeral 728 in Figure 10(d). The 
punctured bits are the following: 

35 

6(40+5*/>0 , f=0,1,... ) 56 



40 . b(Z24)=0 

[0205] Careful examination of the punctured bits shows that none of the critical CRC and header bits are punctured. 
[0206] The 17 Class II bits are unencoded and are designated by reference numeral 730 in Figure 10(d). 
[0207] Referring to Figure 10(e), the completed RLC/MAC block 742 for the down-link is illustrated, and corresponds 
45 to the format shown in Figure 10(d) with the addition of 8 stealing bits designated by reference numeral 734 and 
encoded second, third, and fourth speech frames designated 736, 738, and 740. 

[0208] Each of the second, third, and fourth half-encoded speech frames from the same user are encoded in an 
identical manner to that described in relation to the first speech frame with reference to Figures 10(a) to 10(d). In this 
embodiment all speech frames are encoded with their headers, since with the technique used - puncturing 58 bits per 

so frame - this results in a length ofbits (with the 8 stealing bits) equivalent in length to an EDGE RLC/MAC block. 

[0209] At the receiver end, prior to decoding, the punctured bits are replaced with zeros. The punctured block consists 
of 293 bits, which are combined with the 36 encoded USF bits and the 17 uncoded Class II bits to form the first block 
of the transmitted RLC/MAC block. The same procedure is followed for the rest three speech frames. At the end 8 
stealing bits are inserted. After the RLC/MAC block is formed, it is forwarded to the modulator and interleaver. Inter- 

55 leaving over four bursts is preferably used in the downlink as in EDGE data transmission. 

[0210] Because all the headers are encoded, this same'technique may be used for encoding four speech frames 
which are not all associated with the same user. 

[0211] Whilst the above description has been in relation to the transmission of four speech frames in the same RLC/ 
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.Tames "o"e RLcZc hL. f T° * ^ °' th<5 Channe ' COdm 9 ,of '-nsmission o, four speech 

ZThl °" e * LC/MACb ock 'or down-link transmission, similar techniques apply in the up-link. Figure 11 illustrates 
U^e channel coding prmc.ple app.ied for transmission of four speech frames in one RLC/MAC block for up-liSans 

miss ion . 

[0212] Referring to Figure 11 (b), there is again shown one unencoded down-link speech frame 713 associated with 
one user. The 16 bit header is desiqnated by numeral 723 associated with 

indthe a^SffbSTTo bi,S ^ r 704 . 0 ' ^ ^ teme "* C ° mbin6d Wi,h the 16 bi,s of the header 723 
and the 3 CRC bits 710 in a convolutions encoder circuit. A 3,1 ,7 convolution code is again utilised to qenerate 360 
bits (including 6 tail bits) designated by reference numeral 750 in Figure 11 (c) generate 360 

[0214] The output of the convolutional encoder comprises 360 bits [6(1 ) 6(360)1. In order to fulfil the lenath re- 
quirements of the EDGE RLC/MAC block, puncturing must again be used a, this stage, 31 o the 360 "2 are 

b,"lX' folwing" 3 ° f ^ enCOded dSSi9nated bV r6,erenCe nUmera ' 756 ' n R 9" re l^rrne pVnc°uid 

6(53+9. />0 , /=0 ) 1,...,29 



20 



25 



30 



35 



40 



45 



50 



55 



fc>(324)=0 ] 

[021 5] The 1 7 Class II bits 706 are unencoded. The encoded frame 752 is then allocated two stealing bits 766 and 
mult^exed into an RLC/MAC b.ock with the three other frames. Each of the three other encoded frames 766 762 
and 764 is associated with two stealing bits 768, 770, and 772 respectively 

M^iJ^tT ^ diSC ^ SSed ,ater herein ' if four encoded s P^h frames are from different users, in a preferable 
embodiment they may share a common TDMA time slot. - 
[0217] Each encoded frame is preferably transmitted in one burst. Since four different blocks may come from four 

up,,nk h v* r ot possibie to inter,eave me rlc/mac ^ — ^ 

c^nZ 9 ■ k b, ° Ck ' n 6aCh bUrSt - S P ecifica "* the 346 bits are inserted ,n a 18x20 rectangular matrix 

matr,X e ' ementS theref0fe the ' aSt 14 G ' ementS are ™W The bits ™ read out 

th/r ' nter ' eav,n 9 scheme achieves * minimum distance of 18 between consecutive bits, At the receiver 
end the inverse procedure (de-interleaving) is followed. 

Claims 

1. A method of transmitting user data in a TDMA system in which the number of channels is-increased by partitioning 
at least one time-slot in a TDMA frame into at least two sub-time-slots. - ■ ^ } 9 

2. The method of claim 1 in which each sub time-slot is allocated to a different user. >!..: 

3. The method of claim 1 or claim 2 in which user data is transmitted in each time slot in a burst structure user data 
being transmitted in each sub time-slot in a corresponding burst structure. 

4 " IhlTin' I^kI C ' aim , 3 ln WhiCh US6r data iS transmitled in each time slot in a burst structure having n bits and 

Zres^na Z« l " FT? T " "* ^ ^ b8ing transmi «* d «" each sub ,ime*.o, in a 
corresponding burst structure having n/m bits. 

5. The method ol claim 3 or claim 4 in which the user data comprises speech, the burst structure being a GSM burst 

siructure, 

6. The method of any preceding claim in which the TDMA system is an EDGE packet switched network. 

7. The method of any one of claims 1 to 6 in which the TDMA system is a wireless system, wherein in the ^up-link 
data from p users is encoded such that each forms 1/p of an RLC/MAC block, wherein the data from each user is 
encoded into a respective one of p sub-time-slots 

8 ' frameT^ * ^ ? ^ d6pendent Up ° n Claim 6 wherein ,he RLC/MAC block is transmitted over four TDMA 
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9. The method of any preceding claim wherein the user data is encoded into an RLC/MAC block for transmission, 
the RLC/MAC block being transmitted in a sub-time-slot over a plurality of frames. 

10. The method of any preceding claim in which user data associated with at least two users is encoded into a single 
RLC/MAC block, the portions of the RLC/MAC block assGciated with respective users being transmitted in respec- 
tive sub-time-slots. 
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